I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Early redislocation after initial closed or open reduction (OR) of developmental dysplasia of the hip (DDH) is a known complication. If left untreated, it can lead to poor long term outcomes.[@ref1][@ref2] The reported incidence of redislocation varies from about 8% to 20%.[@ref3][@ref4][@ref5]

Failure to obtain concentric and stable reduction, by closed or open surgery, can occur due to several factors: Sub-optimal initial treatment, learning curve of the treating surgeon, postreduction spica care, and factors inherent to dysplastic hip.[@ref6][@ref7][@ref8] The adequacy of hip stability after closed or OR is predominantly surgeon-dependent because it is based on perception of "feel of reduction" of the cartilaginous femoral head.

Despite meticulous surgical and cast application techniques, some hips do dislocate. Postreduction computed tomography (CT) or magnetic resonance imaging (MRI) scans are recommended to visualize the position of the ossific nucleus (ON) and grade the quality of reduction.[@ref9][@ref10] The normal capital epiphysis begins to ossify by 4--6 months of age due to physiological and mechanical forces between femoral head and acetabular cartilage.[@ref11] These forces become abnormal in DDH causing delay in ossification. Experimental studies in porcine models have shown that the bony ON offers structural stiffness and also resistance to compression, thus offering protection from avascular necrosis (AVN).[@ref12] Some authors have recommended treatment of DDH after the appearance of this ON to prevent late AVN.[@ref13][@ref14]

Although authors have looked at the relationship between ON and AVN, its presence or absence during primary closed or OR has not been elucidated. Bolland *et al*. commented that the width and height of the ON in untreated was less as compared to the contralateral side, and following reduction, the width increased but the height never caught up with the contralateral side and remained less at long term followup.[@ref8] Only one study to date has looked at the ossification of femoral head at closed reduction (CR) and its influence on the long term results.[@ref15]

The purpose of this study was to assess the role of various factors that lead to early hip redislocations, and specifically the role of bony ON in imparting stability, after closed or OR.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

55 children (60 hips), with idiopathic DDH underwent treatment with CR or primary OR between January 2003 and December 2012. Children with suspected or proven history of hip infection, and neuromuscular causes were excluded. The mean age at treatment was 16 months (range 6--36 months). Only children with a minimal followup period of 2 years were included. Preoperative clinical assessment revealed that all children had painless range of motion (ROM) of the dislocated hip whereas ambulatory children demonstrated Trendelenburg gait. Children with bilateral hip dislocations presented with waddling gait and restriction of hip abduction. Preoperative evaluation included anteroposterior radiograph of the pelvis to assess Tonnis grade,[@ref16] acetabular slope, and presence or absence of bony ON \[[Table 1](#T1){ref-type="table"}\].

###### 

Clinical details of the patients

![](IJOrtho-50-479-g001)

The treatment received by the children was classified into three groups: 15 children (17 hips) underwent CR, 26 children (28 hips) underwent OR through either medial or anterolateral approach, and 14 children (15 hips) had combined open reduction and bony surgery. All children had spica cast immobilization for 12 weeks with an interval cast change at 6 weeks.

Postoperative followup was done every 4 months interval after hip spica removal. At each followup, children were assessed for pain, limp, ROM, and limb length discrepancy. Postoperative radiographs were also evaluated for Tonnis grade, break in Shenton\'s line, presence of bony ON, and hip subluxation or dislocation. The AVN was graded using the Bucholz and Ogden criteria.[@ref17] Functional assessment was done using the modified McKay score.[@ref18]

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

There were 40 girls and 15 boys in the study. Of the 60 hip dislocations, 28 were left-sided, 22 were right-sided, and five were with bilateral hip dislocation. Fifty-one hips (four bilateral) were Tonnis Grade 4 and nine hips were Tonnis Grade 3 (one bilateral). The mean followup period after hip spica removal was 28 months (range 24--36 months) for all children. The mean preoperative acetabular index (AI) for all 60 hips was 44.82° (range 32°--56°), and postoperative AI for the stable hips was 34.71° (range 26°--44°) \[[Table 2](#T2){ref-type="table"}\].
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Details of the three treatment groups in the study
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Closed reduction {#sec2-1}
----------------

Fifteen children (17 hips) were treated with CR under general anesthesia (GA). The mean age of children in this group was 9.5 months (range 6--16 months). Two children had bilateral hip dislocation. Five hips were Tonnis Grade 3 and 12 hips were Tonnis Grade 4. Percutaneous adductor tenotomy under GA was done in 8 children (9 hips). Intra-operative arthrogram was performed to confirm concentric reduction under an image intensifier (image intensifier television). A double leg spica cast was applied with the hip held reduced in the position of maximum stability (flexion 90--95° and abduction of 70--80°). Postreduction radiographs were done the next day, and an MRI scan was done within a week. MRI scans when available were done for 8 children (9 hips).

The mean pre and postoperative AI was 43.17° (range 32°--56°) and 34.58° (range 26°--40°), respectively. There were two children with bilateral DDH (4 hips) and 13 children with unilateral DDH (13 hips). The ON was present in 15 hips (*n* = 13) and absent in two hips (*n* = 2). One child who had bilateral DDH had absent bony ON on the left-side (one hip) and the other child had with absent bony ON unilateral DDH (one hip). Redislocation was observed in these two children (2 hips): One child with bilateral DDH had redislocation on the left side 4 weeks after spica removal and the other child presented with redislocation at 6 weeks. MRI scan done postreduction revealed that the cartilaginous ON was located in dysplastic acetabulum in both cases. Thirteen children, one bilateral DDH (2 hips) and 12 unilateral DDH (12 hips) who had the bony ON at the time of primary CR did not dislocate. One child with bilateral DDH that had the ON on the right side also did not redislocate (one hip).

Thus, no child with a bony ON redislocated in this group.

Open reduction {#sec2-2}
--------------

Twenty six children (28 hips) required an OR and hip spica (OR-Group II) as concentric reduction was not possible by closed technique. Four hips were Tonnis Grade 3 and 24 hips were Tonnis Grade 4. The mean age at the time of surgery was 16 months (range 12--24 months). Four children (4 hips) underwent medial open reduction (MOR) through the Ferguson approach and 22 children (24 hips) had conventional anterior OR through the modified Smith--Peterson approach. Two children underwent staged OR for bilateral DDH.

The hips were immobilized in bilateral hip spica cast in position of maximum stability (human position) for 12 weeks. An interval cast change was done at 6 weeks to assess wound status and changed any soiled cast. Trans-articular pins (TAPs) were not used in any case.

Postreduction radiographs were done in all cases to confirm the stability of reduction and 7 children had postoperative CT and 4 had MRI scans.

The mean preoperative AI angle was 42.57° (range 36°--52°). The ON was present in 23 hips (22 children) and absent in five hips (four children). Redislocation was seen in three hips (three children), two with absent bony ON at a mean interval of 3 months (1--5 months) after spica removal. One hip, where the ON was present, dislocated 3 months after the spica removal.

Open reduction with femoral or pelvic osteotomy {#sec2-3}
-----------------------------------------------

Fourteen children (15 hips) underwent OR, bony surgery, and spica (OR with bony surgery \[ORB\]-Group III). All 15 hips were Tonnis Grade 4, and the mean age in this group was 22 months (range 18--36 months). One child had bilateral hip dislocation. An open hip reduction was done through the modified Smith--Peterson approach. In addition, nine children (10 hips) required a femur derotation osteotomy to decrease the excessive anteversion and five children (five hips) underwent a pelvic osteotomy to obtain stable reduction. The decision to perform a pelvic or femoral osteotomy was based on intra-operative stability after OR. Femoral shortening was added where excessive force was required to reduce the femoral head. A double hip spica was applied in "walking position" with 10°--15° abduction, neutral rotation, and 10°--15° of hip flexion to relax the hamstrings. The spica was continued for 12 weeks with an interval cast change at 6 weeks.

In the ORB group, ON was present in all but one hip at the onset of treatment. The mean preoperative AI angle was 48.86° (range 34°--56°). One late subluxation was seen in the child without an ON after 6 months of spica removal. Thus, 8 hips (*n* = 8) out of 60 hips (*n* = 55) showed absence of ON at initial treatment. Five of these developed redislocation at a mean interval of 2 months (range 1--6 months) after the index procedure and spica removal \[Figures [1](#F1){ref-type="fig"}--[3](#F3){ref-type="fig"}\]. Two redislocations occurred within 6 weeks of hip spica removal and three were late redislocations. In the remaining 52 hips (*n* = 47), where the ON was present, there was one redislocation seen after 3 months of spica removal.

![X-ray anteroposterior view of pelvis showing both hips in a 16-month-old infant showing unilateral developmental dysplasia of the hip on the left side with absence of ossific nucleus at the time of open reduction](IJOrtho-50-479-g003){#F1}

![Frog leg lateral view of the same child showing dislocation (L) hip](IJOrtho-50-479-g004){#F2}

![The child underwent open reduction and spica application. X-ray pelvis with both hip joints anteroposterior view showing redislocation of the hip 6 months after spica removal](IJOrtho-50-479-g005){#F3}

Given the limitations of numbers available, no statistical conclusion could be drawn, implicating only the lack of ON as the cause of redislocation \[[Table 3](#T3){ref-type="table"}\]. The Tonnis grade was higher in the redislocation group and the acetabulum was more dysplastic (high mean AI), but there was no statistical difference in mean preoperative AI index between stable hips and the redislocated hips \[Tables [4](#T4){ref-type="table"} and [5](#T5){ref-type="table"}\].
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Comparison of ossific nucleus between three groups
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###### 

Tonnis grade in the three treatment groups
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###### 

Comparison of mean preoperative acetabular index between three groups
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The hip spica cast application was applied by the treating surgeon and the mean duration of the hip spica was 12 weeks (range 8--14 weeks). Postspica care involved night time abduction brace for all children for 6 months.

The mean preoperative AI was 44.82° in the located group and 44.4° in the redislocations group.

All six patients with redislocation underwent further treatment. An OR was performed in all children, and in two cases, a femoral derotation osteotomy was added to achieve stable reduction. In 2 children, an intraarticular supplementary "K" wire fixation was used to stabilize the hip. The spica cast was kept for 12 weeks with wire removal done at 4 weeks.

The Bucholz and Ogden classification was used to grade any AVN observed: One child had Grade 1 and one had Grade 2. However, this did not compromise the final result.

The Mckay criteria were used to assess functional outcome: Thirty-six children had excellent outcome, 11 had good, two had a fair outcome, and six that redislocated had poor outcome after their primary index procedure for DDH \[[Table 6](#T6){ref-type="table"}\].

###### 

Results of intervention in three groups
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D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

Failure to obtain CR, infection, hip stiffness, and redislocation are some of the early reported complications likely to occur in the management of DDH in young children.[@ref19]

There is scant data on early redislocation which is a serious complication, and if not addressed in time will compromise the ultimate outcome. Several factors can lead to redislocation after primary treatment of DDH; experience of the treating surgeon being the foremost. Most reports concern retrospective series and look at long term results wherein redislocation (Severin Grade 6) has been mentioned as one of the complications.[@ref8][@ref20][@ref21][@ref22]

Salvage of a redislocated hip after index procedure is also one of the most challenging surgeries in pediatric orthopedics. Results of revision surgery are suboptimal and unpredictable due to altered bony and soft tissue anatomy.[@ref5][@ref23][@ref24]

The bony ON usually appears by 6 months. The normal physiological joint and muscle forces present in a located joint are absent in an untreated DDH. The delay in appearance of the bony ON may be due to lack of this growth stimulus to the cartilaginous nucleus, which may remain unossified for several months. An increased incidence of AVN has been reported when surgery for DDH is done before ossification of the nucleus. The bony ON is supposed to have some protective influence for AVN. It may be that this protective influence may also be preventing early redislocation by offering better resilience and joint stability.

In this study, we looked at 55 children in three treatment groups and this reflects the initial presentation of DDH in the developing world. In the absence of any formal screening program, most children present during infancy or even later, and thus the treatment was tailored to an individual child.

We also used only plain radiographs to image the hip, and the initial AI index was comparable both in the located and redislocated hips. Since improvement in AI index would not have occurred in the early redislocated hips, technical factors seem more likely as the cause of failure of the procedure.

Sankar *et al*. (2011) looked at some predictors for redislocation after a technically proficient OR procedure. The authors identified that right-sided (or bilateral) hip involvement, greater pelvic width, and decreased abduction in the spica cast were associated with high risk for redislocation. Although they looked at the size of the ON, this was overlooked in the final analysis.[@ref25] In our CR group, 2 children had early redislocation: One child with bilateral DDH redislocated on one side and one child with unilateral DDH. This may be well due to poor technique and represents a learning curve of the treating surgeon, but both these children had absent bony ON \[[Figure 4](#F4){ref-type="fig"}\].

![(a) X-ray pelvis with both hip joints anteroposterior view in a 15-month-old infant showing unilateral right developmental dysplasia of the hip with absence of ossific nucleus at the time of closed reduction (b) Computed tomography scan in spica showing that the hip is dislocated. The child was treated with adductor tenotomy and spica cast application (c) X-ray frog leg lateral view of same child who underwent remanipulation showing hip is well reduced](IJOrtho-50-479-g010){#F4}

In our OR group, the three redislocations occurred with 6 months of the surgery precluding acetabular remodeling as a causative factor to prevent this complication in such a short span. Two hips had absent bony ON and in one case, the bony ON was present. Neither the surgical approach nor the preoperative AI index was attributed as a causative factor for redislocation. Again, possibly, poor appreciation of intra-operative stability may have led to this outcome. Now, we routinely use a TAP for 3 weeks to enhance stability in these cases under the interval of spica change.

The mean age in our open reduction with bony surgery group was higher and only one lateral subluxation was seen at 6 months. All children with the exception of the above child had a bony ON present at the time of surgery. Bony surgery perhaps facilitates the correction of high AI and thus prevents a redislocation. In our child with redislocation, failure to achieve the initial stable reduction or poor postspica removal care could have caused the dislocation. We now routinely use an abduction brace for 3 months following spica removal: 4 weeks of full time brace wear and then 8 weeks of night time bracing.

Bolland *et al*. (2010) have reported that late OR after development of the bony ON had the lowest need for a secondary procedure.[@ref8] Whether to delay open surgical procedure until the bony ON appears remains moot as most studies focus on the acetabular development and grade of dislocation.

Bhuyan (2012) reviewed the results of one-stage triple procedure (OR, femoral shortening, and Salter\'s osteotomy) for older children, mean age 3.9 years, in 30 hips and reported one redislocation.[@ref26]

Some authors recommend trans-articular or trans-trochanteric "K" wire fixation for unstable hips after closed or OR. Alsiddiky *et al*. (2012) described a hip instability test after CR in 124 cases of DDH. Twenty-one cases out of 27 with a positive test had "K" wire inserted from the trochanter to the pelvic bone.[@ref27] Three of the six children with a positive test redislocated at first cast change. They attributed this to posterior acetabular deficiency and excessive femoral anteversion.

The Shriners groups in Mexico have reported the routine use of TAP after open surgery for DDH.[@ref28] They reviewed 645 hips (578 children), 621 with TAP, and 24 without TAP. Redislocation was seen in 27 hips out of 621 (4.1%) at a mean interval of 62.2 days and three out of 24 in the non-TAP group (12.5%) at a mean interval of 58.7 days. No child developed premature fusion or injury to the tri-radiate cartilage. They did not look at the size of the ON, but found that TAP was an effective measure in maintaining reduction.

Biçimoglu *et al*. (2003) reported two redislocations out of 137 hip cases at three and 11 months, respectively, after arthrographic-assisted MOR.[@ref29] Hip spica was applied for 3 months and the authors found no correlation between redislocation and preoperative Tonnis grade, age of operation, gender, or laterality. Although the illustrated case in their published paper shows a radiograph without the bony ON, this was not specifically looked at in this series.

Surgery for DDH remains technically demanding. The "feel" of reduction either by closed or open procedure is purely subjective and needs additional imaging to confirm concentricity. The technique and interpretation of arthrogram also demands the knowledge of anatomy of the dysplastic hip.[@ref30][@ref31][@ref32] The choice of osteotomy depends on intra-operative stability of the femoral head after OR and is difficult to predict.[@ref33] The application of hip spica in DDH is also a precise procedure, and a well molded spica around the trochanter with minimum dead space offer adequate stability in an unstable hip. Hips can redislocate due to malposition in a poorly applied spica cast.

In this study, all five redislocations occurred in cases where the bony ON was absent, and only in one case where it was present, for both closed and OR. In our series, the observed dislocation rate of 8.33%, albeit higher, could well represent a learning curve in the management of DDH. The positive impact of the ON on the treatment outcome of DDH may well have provided stability in cases which did not redislocate; only a larger study can confirm this correlation.

There are several limitations in the study. Since children presented at various ages, no direct comparison can be made for the three treatment groups. This is an observational, retrospective cases series with a single surgeon experience, potential for selection bias as also the learning curve, could get reflected in the high dislocation rate seen in this series. Advanced imaging studies to assess acetabular dysplasia were not under-taken in this study.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

Early redislocation of hip after a technically sound open or CR remains an enigma. Although surgeon-controlled factors play an overwhelming role, the dysplastic hip may itself hold untold clues about its instability. Postreduction MRI scan offers the best modality of understanding the anatomical pathology, but its role during surgery is limited. May be in the future, real-time imaging will improve the outcome in this difficult yet common condition seen in the developing world. Referral to dedicated hip centers with enhanced surgical experience will give better outcomes.

Further, perhaps, experimental studies or direct comparison of two groups of DDH, one with and the other without ON may elucidate the predictable management of DDH.
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